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�2EUÂ]R 	%$ D��
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3U � UHDNFL � ���
���

���
�
V SURWÔQP � ER ��� SRXìLW �	��
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»ðLQQ ��� ULHUH �)� SU ���� VÎ 4 �(� UJ ��!
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N\VOÎN � WDNì � M � �Dì 40� RGKDGQÛ� LF 2 SUHVQRV� # &K\E� ÛðLQQÞF 2 SULHUH]R� SUH

SURWÔQP ��� QGXNRYDQ � UHDNFL � V ��� UDYGHSRGREQ � URYQDN * YH� 4�� DN *,! HSUHV�
QRVW �y� F 2 PHUDQÎ � ]Y\ðDMQ � Y UR]PHG] � ��w��� # 1HSUHVQRV� SU � UHDNFL  ���

V QHXWUÔQP � M ��� RG� � >�� � RNRO * ��� # 1HSUHVQRVW � Y ÛðLQQÞF 2 SULHUH]RFK

Y RVWDWQÞF 2�! HXWUÔQP ��� QGXNRYDQÞF 2 UHDNFLÂF 2 V � QH]QÂPH � DO � RGKDGXMH�

P � LF 2n! � ��w����

3U � YÞSRðWRF 2 VP � Q � XUðHQL ����
 LQQÞF 2 SULHUH]R� SU � VSRMLW. LQWHUYDO
HQHUJL �3� RXì �$�����$� QHÂUQ  LQWHUSROÂFLX�
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1DP � SRXìLW� NÔ � Y\FKÂG ����� NÔ ���
	 RXìLWÊ �
� 2s%ULHQR � >��@ � 1D

UR]GLH � R � 2s%ULHQ ��� QD{R � NÔ ��� QHSRðÎWDP ��	 RðH � KYLH]GL � QRUPRYDQÞ

Q � REMHP � DO � WRN� ðDVWÎ � Y ]ÂYLVORVW � R � K�EN��� DWPRVIÊUH � SULðR � SU ��� DìGÛ
K�E ��� V ��	 RðÎWDQ � WRN� ðDVWÎ � Y SÅ�GHVLDWLF � �SU � QHXWUÔQ��� GHYÅ�GHVLDWLFK�
HQHUJHWLFNÞF � LQWHUYDORF � SU � RVH � UÕ]Q\F � XKOR� VPHU � 	 RK\E �"! DVWÎF
Y]K�DGR � Q �#� HUWLNÂOQ� VPHU � .RQNUÊWQ � M � Y NÔ ��� ]DKUQXW� WUDQVSR $�� PLÔ�

QRY � SLÔQRY � SURWÔQRY � QHXWUÔQR� �YUÂWDQ � WHSHOQÞFK� � HOHNWUÔQRY � SR]LWUÔ�
QR�%� IRWÔQRY � 9 WRPW � NÔ �&� M � ]DEXGRYDQ� NÔ �'	 RXìLW� %ODQGR �(� &LRQLP
Q �)�*� SRðH � FXWR+,+-$ LJLGÎ � Y QHYHUWLNÂOQ\F � VPHURF � >��@�

9VWXSQ �.� ÂW � NÔ ��� V � YHUWLNÂOQ �/�0� WR +1+�$ LJLGLW\ � ]HPHSLVQ 2 {ÎUND�

WHSORW ���3� GXFKX��WOD � Q � KODGLQ � PRU �4� PRGXODðQ� SDUDPHWHU�
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,QWHJUÂOQ � WRN� QHXWUÔQR� V � Y � YUFKQÞF � YUVWYÂF � DWPRVIÊU��� MHGHQ

UÂ � Y\{{L � DN � LQWHJUÂOQ � WRN� SURWÔQR�	� VPHUR 
 N SRYUFK � V �
����� {XM � Dì

Q � G��� UÂG\ � - � W � VSÕVREHQ � ]DKUQXWÎ 
 QÎ]NRHQHUJHWLFNÞF ��� HXWUÔQR���
WLH ����� {{R � QHXWUÔQRYR � PXOWLSOLFLWRX � 3UÎVSHYR � QHXWUÔQR� N SURGXNFLL

NR]PRJÊQQ\F � L]RWRSR� V ��� EOÎ]NRVW � SRYUFK � =HP � VW ����� GRPLQDQWQÞP�

7RWÂOQ� WR ��� DVWÎ  "! ULPÂUQH �#�%$'& M � Q � SÔORF � ≈�� () P*,+ V*.- � Q � URY�
QÎ �/�
� YÕ 01� VSRPÎQDQÊP � RGUH]DQL � QÎ]NRHQHUJHWLFNÞF � ðDVWÎ  324� RPDJQHWLF�

NÞ 
 SR�R 
 ≈�� 56 P*7+ V*.- 8 ] ð �9�#� SU � LF � SRPH : GRVWÂYDP � KRGQRW �<;/; ���
+RGQRW � WRKRW � SRPHU �
! U � QDP � QDSRðÎWDQ � WRWÂOQ � WRN� SURWÔQR� ��� = DM
QHXWUÔQR� ��� > Q �?� UFK � DWPRVIÊU� M � Y � YH�P � GREUH@ ]KR �A� V WRXWR

KRGQRWRX � 8UðHQ � WRN� WHG � NRSÎUXM � WRN� SULPÂUQ\F � ðDVWÎ  B$C& Y GDQÞFK

REODVWLDFK�
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9{HWN� SURGXNFL � VP �
	 UðRYD �
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GR� NRSÎUXM � K�ENR�61 SURI �
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Q � WRN� QXNOHÔQR�3� GDQÞF �8�:9 ODVWLDFK 7 ]REUD]HQ � Q � 2EUÂ] 0;	< >=:7 UHVS � ���
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,QWHJURYDQÎ � K�ENRYÞF
�

SURILOR� SURGXNF ��� FH � FHO � KUÛENX

DWPRVIÊU� VP 	 
 Uð ����� WRWÂOQ 	 
 URGXNFL 	 MHGQRWOLYÞF
�

NR]PRJÊQQ\FK

L]RWRSRY � 9\SRðÎWDQ � ]ÂYLVORVW � WRWÂOQH� SURGXNFL 	 R � ]HPHSLVQH��� ÎUN� SUH���
%H � � %H � � ��� ��� & � V � ]QÂ]RUQHQ � Q � 2EUÂ] � 
"!$#%� 3U 	 Y{HWN� . &'� DM � WLHWR

]ÂYLVORVW � SRGREQ( WYDU � 9 VNXWRðQRVW � QL 	 M 	 PRìQ � QDPHUD� WRWÂOQH

SURGXNFL 	 ] 2EUÂ] � 
)!$#*� SUHWRì 	+� YÕ ��� SUHPLH{DYDQL 
 Y]GXFK 
 Y DWPRVIÊUH

V � WLHW , Y , Y{HWNÞF
�

]HPHSLVQÞF
�

{ÎUNDF
�

SULEOÎìL � SULHPHUQH� JOREÂOQHM

KRGQRWH � 3U � FLUNXOÂFLÂF � Y]GXFK 
 V �-� {D ��
 UHMDYXM � D� ORNÂOQ 	.	 IHNW\ � NWRUÊ
PÕìHP 	/
 RPRFR 
 
 YHGHQÞF � ]ÂYLVORVW � UR]R]QD� �0� SUÎSD �1	2
 RWUHE\
RGVHSDURYD� � NRQNUÊWQ 	 QDSU � SU � WYRUE 	 PUDNRY � 1 � WLHW , ÛðHO� V �3�4� XìÎYD
KODYQ 	 L]RWR 
 � %H��SU 	 MH � , PDO( SROðDV�UR]SD �5
 ��� G���NWRU( WLH 6 XPRì�XMH

VOHGRYDQL 	-� UÂWNRGREÞF � HIHNWR� RYSO\Y�XMÛFLF � SURGXNFL 
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=ÂYLVORVW � Q � 2EUÂ] ������� UHSUH]HQWXM 	 OH 
 SURGXNFL � R �
� DODNWLFNHM
]ORìN� .ë � 3UHW � M � LF � SR]QDQL � YKRGQ � WLH � Q � XUðHQL � YH�NRVW � SURGXNFLH
MHGQRWOLYÞF � L]RWRSR��� ]HPHSLVQÞF � {ÎUNDF ��
 D ����� °�

5HODWÎYQ ��� URGXNFL ��� R]PRJÊQQ\F ��
 XNOLGR��� VWUDWRVIÊU ����� D]XMÛ
�2EUÂ]R � �"! � # ì ��� U � ]HPHSLVQ � {ÎUN� SUHVDKXM 	%$&�('*)+� ° V �,��- ð{LQ � WRWÂOQHM
SURGXNFL �.� VNXWRð�XM � Y VWUDWRVIÊUH � 6ÛYLV / W � ðLDVWRðQ �10 UR]GLHOQR � KUÛE�

NR � WURSRSDX 23� SU � UÕ]Q � ]HPHSLVQ � {ÎUN\���DO �4� UHGRY{HWNÞ 5 V K�ENRYRX
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   Relatívna hrúbka s tratos f7 ry
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GLVWULEÛFLR ��� URGXNFL � QXNOLGR��� ]ÂYLVORVW � R � ]HPHSLVQH�
	 ÎUN� �2EUÂ]N\��
����
��� � 3ULHEH � UHODWÎYQH� SURGXNFL � Y VWUDWRVIÊU � M ��� U � MHGQRWOLY � .1

YH�P � SRGREQÞ � 9Þ]QD � XUðHQL
�
WÞFKW � ]ÂYLVORVW � M ��� UHGRY{HWNÞ ��� {WÛGLX

FLUNXOÂF ��� � ��� PHQ���� GXFK � PHG] � VWUDWRVIÊUR � � WURSRVIÊURX ! UHVS � Y {WÛGLX
SURFHVR� V WÞPLW � GYRP

�
MDYP � VÛYLVLDFLFK � = Y\SRðÎWDQÞF � UHODWÎYQ\FK

SURGXNF �"� Y VWUDWRVIÊU � M � PRìQ � � UðL� UH]LGHQðQ � # DV� MHGQRWOLYÞFK

NR]PRJÊQQ\F � L]RWRSRY � 9\XìÎYDM $ V
�
WLH
�
SU � {WÛGL � VÛYLV ��# DVRYÞF � YDULÂFLÎ

Y SURGXNF ��� V � ]PHQDP � NOLPDWLFNÞF � SRGPLHQRN � 0HUDQL �%� URGXNFL � .1

Y VWUDWRVIÊU � ERO � DSOLNRYDQ ��� U � VNÛ{NDF � MDGURYÞF � ]EUDQÎ ! Q � XUðHQL �&# D�
VX ! NWRU� M �'� RWUHEQ� Q

� �(� ðLVWHQL � DWPRVIÊU\ � $� SU � QHGRNRQDOR � SUHPLH�

{DYDQ � DWPRVIÊU� V � XNÂ]DOR��ì � WHQW � ðDV�QHSUHVDKXM � MHGH ) URN�

,QWHJUÂFLR �*� URGXNFL �,+-�. FHO $ KUÛE /0� DWPRVIÊU� �
FHO� LQWHUYDO

]HPHSLVQÞF � {ÎUR / VP �1� RVWD 2�� SULHPHUQ $�3 OREÂOQ ��� URGXNFL � MHGQRWOLYÞFK

NR]PRJÊQQ\F � L]RWRSR�4� ]HPVNH� DWPRVIÊUH � .YÕ 2�� SUHPLH{DYDQL � Y]GXFKX

Y DWPRVIÊU � V
�
SUHGSRNODGÂ ! ì � KRGQRW� SURGXNF ��� PHUDQ �5� �DGRYFRFK�

RFHÂQRFK ! UHVS � Y ]UÂìNDFK !768$%� UÂY � KRGQRWDP � VWUHGQH� JOREÂOQH� SURGXN�
FLH � 9 7DEX� /9�;: V $ ]D]QDðHQ � QD{ � YÞVOHGQ � VWUHGQ �<3 OREÂOQ �<� URGXNFLH
VSRO � V KRGQRWDP � QDSRðÎWDQÞP � 0DVDULNR � �

5HHG\ � >� = SU �>� URGXNFLX
?A@CB�D�EGFH@JI K�LNMPO(QROSLUT0VJW(XZY\[^]_X`T0OJa^LUY�b-c.dHefMZOJdgY�h8QRY-WHVSTiT�j_elkmMPhfY�n�Y-a.Y�o�p

q Y-h8QRY�WgV(TiT�j r nGLsO(b�Ti]tW�XPY-[�]_XPTiuta^LUY�b-c.dgevMPuw uSnyx-Qzj{elQ | } ~ |�� �
T.c^d�X`MPb �J]���Q4Y�b^O�X �4u�~�u�LNM`d�����O(O�bgj wG� � �m���7LNMPO(T wZ� �s� w��C� �
�G� �7O � p ���C��� � p �H�(��� � p �H�(��� � p �H�(�g�� �7O � p �H�-�_� � p ���_�(� � p �g���H� � p �g�-�� � � p ����� � p �g� � p ����� � p ���g���  ¡ X � p ��� ⋅

�_� ¢ £ � p �C� ⋅
�_� ¢ � � p ��� ⋅

�C� | £ � p �g� ⋅
�C� | £

JDODNWLFNR � ]ORìNR �5¤�¥ �
SURGXNFLDP � XUðHQÞP � 2s%ULHQR �¦� >� = � >��@�

1D{
� �(� SRðÎWDQ § SURGXNFL

� ¨�©
% � M � EOÎ]N �ª�{� GQRW �«� UðHQH� 0DVDULNR � D

5HHG\P !¬�H� Y{D / QLì{L
�­�

N �*�{� GQRW����� SRðÎWDQ � 2s%ULHQR � �
WLH
�®�

NR

KRGQRW
�
XUðHQ §5 PHUDQ � Y RFHÂQRFK ! �� ¯ 
9° DWÔPR� FP±v² V± ¨ >��@ ! UHVS�

] PHUDQ � Y ]UÂìNDFK ! ����� ± �� ¯9¯9³ DWÔPR� FP±v² V± ¨ >��@ � 1D{ � Y\SRðÎWDQÊ
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SURGXNFL � � � V � QLì{L � DN � ýDO{L � KRGQRW� XYHGHQ � Y 7DEX� ���
	�� 9H�PL

GREU � Y{D � VÛKODVL 
 V GÂWDP � Y\SRðÎWDQÞP � VNXSLQR � YHGHQR � 1LUR � >��@�

NWRU � XUð ����� SURGXNFL ��� � ��� DWÔPR� FP� � V� � � 1D{ 
 SURGXNFL 
 � % � M � QLì{LD

DN � XYHGHQ � � URGXNFL � LQÞF  DXWRURY ! RNUH � SURGXNFL � � UðHQHM
0DVDULNR �"
 5HHG\ � >�@ � +RGQRW� SURGXNFL � �$# & � V 

� H�P � GREU � ]KRGXMÛ
V ýDO{ÎP � KRGQRWDP � XYHGHQÞP � Y 7DEX� ���%	�� 9 � Y{HREHFQRVW � V � VWUHGQÊ

JOREÂOQ � � URGXNFL � MHGQRWOLYÞF  NR]PRJÊQQ\F  L]RWRSRY ! NWRU � VPH

SRðÎWDOL ! QLì{L � DN � PHUDQÊ ! UHVS � Y\SRðÎWDQ � KRGQRW� XGDQ � Y SUÂFDFK

LQÞF  DXWRURY � - � W � SUDYGHSRGREQ � VSÕVREHQ � QDP � SRXìLWR � DSUR[L�

PÂFLR �&� U � ULH{HQ � WUDQVSRUWQÞF  URYQÎ ')(+* Y DWPRVIÊUH�

%R ��� WLH , XVNXWRðQHQ � PHUDQL 
 SRPHUR� SURGXNF ��� WÞFKW �-(/. Y QLH�

NR�NÞF  Y]RUNÂFK ! D01���32 QL � M � MDVQÊ ! ð � WDNÊW � SRPHU� UHSUH]HQWXM �4� UR�
GXNðQ � UÞFKORVW � Y DWPRVIÊU � �QDSU � WLHW � SRPHU�5� ]UÂìNDF  V 
 PHQLD��

1DP � XUðHQ �6� URGXNðQ �6� RPHU� � %H� �$# & �7
 �98 %H� �$# & � V �;:�<


=?>

 VÛ

RP @A�� A� Y\{{L � DN � SRPHU�CB ÎVNDQ �D� >�@ !E�F�G
 �� ! UHVS � PHUDQ �-� RPHU\

Y ]UÂìNDF  >��@ !H��IJ� PD ��� RELG�K
 KRGQRW �L�K�M� 6WUHGQ N PHUDQ N KRGQRWD

SRPHU � �98 %H� �$# & � Y XVDGHQLQÂF  6� �DGRYFRF  ] &DP � &HQWXU�D� *UÔQVNX
>�� O M �P<�� 3URGXNðQQ SRPH R �98 %H� � % � M � YH�P � GÕOHìLWQ SU � {WÛGL � DWPRVIH�

ULFNÞF  SURFHVR� >��@ � 1D{ 
 KRGQRW 
 WRKRW � SRPHUX ! ��� !M0�� QLì{L 
%
 NR
KRGQRW 
 XUðHQ NS� >�@ ! ��� ! UHVS � DN �T A� GQRW�G�K� Y]RUNÂF  ]R]ELHUDQÞFK

Y ðDVRF  6@ Î]N\F  WRNR� VOQHðQÞF  SURWÔQR� XYHGHQ �P� >��@ � - � Y{D � YH�PL

EOÎ]N �7 A� GQRW � RGKDGRYDQHM�� >��@������
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�� � (IHNW��� PLH � JHRPDJQHWLFNÊ ��� SR�D
'LSÔOR�
	 FKDUDNWH � JHRPDJQHWLFNÊ ��
 SR� � QÂ � X � SU � SRðÎWDQ � WRNRY

ðDVWÎ ����� Â]D � YH�NRV� YSO\Y � ]PHQ� LQWHQ]LW� SR� � SU ��� DQ � PLHVW 
 �!� =HPL

Q � SURFHV� SUHELHKDM "#�$�&% U �!� QWHUDNFLÂF �('*) Y DWPRVIÊUH + 1DP � QDSRðÎWDQÊ
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SUHGVWDYXM Y Y\SRðÎWDQ Zdc URGXNFLH bfe�gdc U gd\ DìGh L]RWR cic UHORìHQ j QHOLQHÂUQD
IXQNFLD��.RQNUÊWQ g VP gkc RXì X.lmX SRO\QÔ U ���VWXS�D

( )f x a a x a x a x= + + +0 1 2
2

3
3 ����

[ SU g MHGQRWOLY Z . n VP gkc U gdc DUDPHWU g D o ��D p ��D q ��D r GRVWD l.X KRGQRW\
p8o
%Hg D o sut ������±�⋅��v<w � D p s �����⋅��v<w ±���⋅��v
x �

D q szy ��⋅��v<{ ±�⋅��v p8o � D r s ����⋅��v p|q ±�⋅��v p|r �
}�~ �%�!�O� ~2� � �#"%$%&�'�K
��LG��"�=>����BQ�#"N1�� A '��!�������!�#�D��E%35��� F�"%$!��"%�HBC�!J���J�=I�N�O��J

Φ
T

��"%35=I"���L����%B � "�=I������"%���������.?��!�#"%$%&�'�(*)+���"�1�� A '��%�����
��&�'���)9$

Φ � � �N�N� �N��� �N��� ���N� �������
�O� � � � T ����� � T ��� � T ���N� � T ����� � T �N�N� � T ������ � � � T ����� � T ����� � T ���N� � T �N��� � T �N��� � T �N�N�, � � T ���N� � T ����� � T ����� � T �%��� � T ����� � T �N�N�,.- /0� � T ����� � T ��� � T ����� � T �N�N� � T �N�N� � T �N�N�



51

0 200 400 600 800 1000
0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

  7H

 36Cl (x100)

Φ [MeV]

G
lo

b.
 p

ro
du

kc
ia

 [a
tóm

y 
cm

-2
 s

-1
]

0 200 400 600 800 1000
0.01

0.02

0.03

0.04

0.05

Φ [MeV]

G
lo

b.
 p

ro
du

kc
ia

 [a
tóm

y 
cm

-2
 s

-1
]

 10Be
   7Be

���������
	���
�� ���������
�������! #"%$&�('�)*$��!+,��-��/.10�2�354&+,2���6879�1"� :�;���*3
<=��0�2>$?4?@
.��>A BDC EF+�G H EF+�G I JK� IML NF$PO?A8���;)�QR�1'�+:�;)SQR�T�17U4MV�A 68)WA
4XQY$&�1QR�&4;��.Z79�/.10�$��:�5@
�! %<!�[�/��-���79+%��-\�

Φ
G:]T4X�T�>A����! ^]�0��;2�3W4&�(0_OT`�a%VWb

c
%Hg D d egf ������±���⋅��h i � D j e ����⋅��h i ±���⋅��h

c
�

D k eml ��⋅��h n ±���⋅��h o � D p e ����⋅��h jqk ±���⋅��h jqp �
p r

g D d egf ������±���⋅��h
s
� D j e �����⋅��h

s
±���⋅��h

t
�

D k evu ���⋅��h
n
±���⋅��h

o
� D p e �����⋅��h j8j ±���⋅��h jqk �

p t
&Og D d exw ����⋅��h s ±���⋅��h t � D j e �����⋅��h

c
±���⋅��h n �

D k ezy ��⋅��h jRd ±���⋅��h j8j � D p e �����⋅��h jqp ±���⋅��h j s �
8YHGHQ { IXQNFL |~} ODWL � Q � LQWHUYDO | Φ∈〈 f 0H9� l�f�f�f 0H9〉�
9\XìLWL | WÞFKW � IXQNF �T� M | REGREQ { Y\XìLWL � IXQNF �M� ]ÎVNDQÞF � Y SUHG�

FKÂG]DMÛFHM�ðDVW � WHMW � SUÂ �1|�} U | LQWHQ]LW ����| RPDJQHWLFNÊ ��� SR�D�
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�� � &K\E\

3UHVQRV� QD{LF � YÞSRðWR� M ��� UðHQ � QLHNR�NÞP � IDNWRUPL � 3ULQFLSLÂOQD
QHSUHVQRV� Y\SO	
��� 
 SRXìLWÞF � DSUR[LPÂF ��� SU � ULH{HQ � WUDQVSRUWQHM

%ROW]PDQQRYH� URYQLFH � W � ��� ] ERGR� L� ��� LLL� ] ðDVW � ���� � WHMW � SUÂFH � -HM
YH�NRV� RGKDGXMHP � Q � ÛURYQ � ��w�� ����

��� LV � R ��� QHUJL ��� W\ ��� � DVWÎF�

1 � GUXKH��! WUDQ � M �"� RWUHEQ # ]DP\VOLH� V � QD �$� UHVQRV�R � YVWXSQÞFK

ÛGDMRY � .Hýì � IRUPXO � �� % SRSLVXMÛF � VSHNWUX & ðDVWÎ '(� ULPÂUQH �)�+*-, MH

HPSLULFNÞ & Y]�DKRP �.� H� DSOLNRYDQL � M � VSRMHQ # V � ]DKUQXWÎ & MH� FK\E\�

NWRU � V � SRG� � >� / SRK\EXM � Q � ÛURYQ � a�� � üDO{Î & YVWXSQÞ & SDUDPHWURP

V 0 YHUWLNÂOQ �1'2� WR 343�5 LJLGLW\ � NWRUÞF � FK\E � SRG� � SRXìLWÊ �)� ]GURM � >��@

QHSUHVDKXM �"6 � � 1H]QDORV� SUHVQÞF �7�)� GQÕ 8 ÛðLQQÞF � SULHUH]R� SU � Y{HWN\
XYDìRYDQ # VSDODðQ # UHDNFL � M � QDMYÅð{R �:9 RPSOLNÂFLR �:� RSÎVDQÊ �)� PRGHOX�

6SÕV �<; YÞEHU � QDP � SRXìLWÞF � ÛðLQQÞF � SULHUH]R� VSRO � V SUHGSRNODGDQÞ�

P � KRGQRWDP �=� F � FKÞ ; VP �>� YLHG ?�� Y ðDVW � ����� � 3UÎVSHYNR & N QHSUHVQRVWL

LF � XUðHQL � M � D��! SÕV �@; LQWHUSROÂFLH � NWRU	 VP � Q �A
 ÎVNDQL � KRGQÕ 8 ÛðLQ�
QÞF � SULHUH]R� SU � VSRMLW	 LQWHUYD ? HQHUJL �:� RXì �B?�� �OLQHÂUQ � LQWHUSROÂFLD��

7HQW � VSÕV �<; VP � Y{D 9 ]YROLOL � SUHWRì �C' K\ED � NWRU � MH �)� DSOLNRYDQÎP

Y]QLNOD��M � ]DQHGEDWH�Q �D��
 K�DGR & N FK\E � VDPRWQÞF � ÛðLQQÞF � SULHUH]RY�
3U � GÕVOHGQR & XUðRYDQ � FK\EE EE ERO � SRWUHEQ # � YDìRYD� DM

SUÎVSHYNE R � ]DQHGEDQÎ � NWRU # Y]QLN ?B� YÞEHUR & SRXìLWÊ �)� PRGHO � =HPH

�GLSÔOR�F�G� SUR[LPÂFL � JHRPDJQHWLFNÊ �)� SR�D � SULEOLìQ #H' KHPL '29I# ]ORìHQLH�
KUDQLðQ # MDY\ � DWý�� � 7LHW � FK\EEJ� {D 9K9 YÕ ?��L� F � ]DQHGEDWH�QRVW � YRð � RVWDW�
QÞ & YÕE �M' QHXYDìXMHPH�

9ÞVOHGQ # QHSUHVQRVW � Y � Y\SRðÎWDQÞF � SURGXNFLÂF � V 0 QH]QÂPH�

SUHWRì � QHSR]QÂP � YÂK � VSRPÎQDQÞF � Y\VWXSXMÛFLF � IDNWRURY ��N F �:�)� GQRWD
V �O� {D 9P� RG� � QÂ{ �)�Q� GKD �.�R� RK\EXM �S� R � KUDQLFR �T' K\EE ÛðLQQÞFK

SULHUH]RY � WHG � a��w��� � Y NUDMQR & SUÎSD �U� Y\VWXSXM � DN � IDNWR 5 � � ð � MH

Y{D 9 DV � ]QDðQ �"�V� VLPLVWLFN	 RGKDG � 3U � DSOLNÂF ��� QÂ{ �)� PRGHO � Q � H[WUDWHU�
UHVWULÂOQ � Y]RUN\ � SU �S9 WRU # M �W� RURYQDQL �S! H[SHULPHQWÂOQ\P � GÂWDPL

SUHVQHM{L � �QHWUHE � XYDìRYD� WUDQVSR 5
8I� WHUðL � JHRPDJQHWL '29I#X� ROH� � ERO �Y� R
YÅð{LQ ��� UÎSDGR� GRVLDKQXW ��
 KRG � Q � ÛURYQ � a��w�� � >��@�
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9 SUHGNODGDQH� SUÂF � VP � Q � SRSL � SURGXNFL ��� WUDQVSRUW ��� DVWÎF
JDODNWLFNH� ]ORìN	�

� Y ]HPVNH� DWPRVIÊU ��� RXì ����� DQDO\WLFN� PRGHO � 7HQWR
PRGH � XPRì�XM � Y\SRðÎWD� GLIHUHQFLÂOQ � WRN	 ðDVWÎ � DN � IXQNFL � QDGPRUVNHM

YÞ{N\ � FKHPLFNÊ ��� ]ORìHQL ��� JHRPDJQHWLFNH� ]HPHSLVQH��� ÎUN	 SU � UÕ]QH

SRðLDWRðQ ��� RGPLHQN	 SULPÂUQH ��� ìLDUHQLD � 9\SRðÎWDQ � WRN	 ðDVWÎ � VPH

SRXì ����� Q ��� � SRðH ! SURGXNF ��" . # Y ]HPVNHM�DWPRVIÊUH�

8UðHQ ��� URGXNFL ��$ R]PRJÊQQ\F � L]RWRSR� %'& %H � ( %H � ) *+� )-, & � VÛ
Y UHODWÎYQ ��. REUH� ]KR ./� V SURGXNFLDP � XYÂG]DQÞP � Y SUÂFDF � LQÞF � DXWR�

URY � 9 � Y{HREHFQRVW � V 0 Y{D $ LF �1��� GQRW	 QLì{LH � ð � M �2� RG� �3� {HWNÊKR
VSÕVREHQ �4� RXìLWR � DSUR[LPÂFLR �5� LQÞP � ÛðLQQÞP � SULHUH]PL � 3U �6� ]RWRSH
( % � M � W � VSÕVREHQ � WLH 7 KRGQRWDP � QDP � SRXìLWÞF � ÛðLQQÞF � SULHUH]R� SUH

UHDNFL � %'8 1�S� 9 ;� ( %H � 9\SRðÎWD ��� VP � ]ÂYLVORVW � JOREÂOQ\F � SURGXNF ��" XYHGH�
QÞF �;: XNOLGR� R . YDULÂF ��" Y LQWHQ]LW � PDJQHWLFNÊ ��� SR� � =HP �5� VOQHðQHM

DNWLYLW\ � 2EODV� Y\XìLWL �<� � VOHGNR� M � YH�P � UR]VLDKOD � ]DK�� � QDSU ��� WÛGLXP
WUDQVSRUW � Y]GXFK � Y DWPRVIÊUH � GDWRYDQLH �=� WÛGLX > HUÔ]LH � 8UðHQ �5� PSL�

UL �?$@� IXQNFL � Y\MDGUXM 06�A� ]ÂYLVORV� SURGXNFL � . # R . YDULÂF ��"B� QWHQ]LW\
PDJQHWLFNÊ ��� SR� � =HPH � UHVS �C� OQHðQH� DNWLYLW\ �D�E� PRìQ � DSOLNRYD� QD

UHNRQ{WUXNFL � KLVWÔUL �GFH� RPDJQHWLFNÊ ��� SR�D��UHVS��VOQHðQHM�DNWLYLW\�

9H�N IJ�K� KRG � ULH{HQL �ML ÎVNDQÊ ��� Y UÂPF � 3DVVRZRYH� DSUR[LPÂFL � MH

Y WRP � ì � M �5. DQ � DQDO\WLFNÞ > YÞUD]RP � ð � YÞUD]Q � ]MHGQRGX{XM �5� KODYQH

XUÞFK�XM � VDPRWQ � YÞSRðW	 SURGXNFLÎ � 1 � GUXKH�N� WUDQ � M � Y{D $O� RXìLWÂ
DSUR[LPÂFL � KUXE IP� MH� ]RGSRYHGDMÛFL > ULH{HQÎ > V 0Q. REU ��� RSÎVDQ � LED

]ÂNODGQ ��� UW	 KDGUÔQRYH� NDVNÂG\ � Y QD{R > SUÎSD ./� MH�R� WUHGQRS��M� \VRNR�
HQHUJHWLFN IRL ORìND � 1DP � SRXìLW I PHWÔG � M � OH : MHGQR � ] PHWÔG � NWRU � VD

{WXGXM 0 Q � .-) � -H� DSOLNÂFL � ERO �T� 	 EUDQ I�L GÕYR .U�V� RURYQDQL � ÛSOQRVW � D
SUHVQRVW � MHGQRWOLYÞF � PRGHORY � )\]LNÂOQ � QDMðLVWHM{R �N� QDMGHWDLOQHM{R � MH

PHWÔG � LK� ORìHQ I Q � VWRFKDVWLFNR > VLPXORYDQ " SURFHV � � URGXNFL � D

WUDQVSRUW �W� DVWÎ�
1 � SUÎNOD ./� ULH{HQL �XL ÎVNDQÊ ��� Y UÂPF � 3DVVRZRYH� DSUR[LPÂFL � MH

GREU �R.Y� PRQ{WURYDQ I W\SLFN I ðUW �W� QDO\WLFNÞF � SUÎVWXSR�[ZP� DUDPHWUL]ÂFLD
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YHOLðÎQ � 3RXìLWL ��� DUDPHWURY � NWRU � V � SRWR � XUðXM � � RURYQDQÎ � V H[SHUL�

PHQWRP � SUREOÊ � ]QDðQ � ]MHGQRGX{XMH �
	�� ]ÂURYH� 
�� NRQNUHWL]XM � � WÞP
]QDðQ � ]QLìXM � REODV� DSOLNRYDWH�QRVWL�

3RG� � QD{LF 
 VNÛVHQRVW � VSRðÎ������� KRG � XYHGHQH� PHWÔG��� PDOHM

ðDVRYH� QÂURðQRVW � YÞSRðWR����� W ��
�� Y\SOÞYDMÛFH��� LU{H� DSOLNRYDWH�QRVW � DNR
M � W � SU � PRGHORF 
 ]DORìHQÞF 
�	�� VWRFKDVWLFNÞF 
 VLPXOÂFLÂFK�

'ÛIDPH � ì � YÞVOHGN� � ÎVNDQ � Y WHMW � SUÂF � SULVSHM �"! {WÛGL # � URGXNFLH
NR]PRJÊQQ\F 
$	 XNOLGR�%� DWPRVIÊU � � QÂM &'#(# � ODWQHQL � D� Y ýDO{ÎF 
)� GYHW�
YLDF 
 YÞVNXP # � URFHVR� SUHELHKDMÛFLF 
*	�� =HP �+�,�-� YHVPÎUH�
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>�@ 5HHG� 5�& ��� $UQRO � -�5 ��� /D � ' ��� &RVPLF�U 	
� UHFRU � L � VROD � V\VWHP

PDWWHU��$QQX 
�� H ��
 (DU ��� 3ODQH ��
�������
 �������w��������

>�@ &DVWDJQR ��� *�& ��� /D � ' ��� 6ROD � PRGXODWL � � HIIHFW � L � WHUUHVWULDO

SURGXFWL � � �! FDU " � � ����5DGLRFDUERQ��������w���������

>�@ 5HHG� 5�& ��� 0DUW � . ��� 6RODU�&RVPLF�5 	
� IOX[H � GXULQ # WK $ ODV %&% HQ
PLOOL � � \HDU � � LQ � 7K ' 6 (*) L ) 7LPH � 6RQH %+% &�3 ��� *LDPSDS 	 0�6��

0DWWKHZV�0�6���HGV���SS�����w�����8QLY��$UL]RQ 	 3UHVV��7XFVRQ������

>�@ 9D � +ROOHE $�,-$ 0�$ �/.0��� 0 	 6XQJ /�6 ��� 0F'RQDO � )�% ��� 6ROD 132 K\V 
 ���
���w���������

>�@ 0DVDUL , - ��� 5HHG� 5�& ��� 7HUUHVWULD � FRVPRJHQLF�QXFOL � $54 URGXFWLRQ
V\VWHPDWLF � FDOFXODW $ � IUR 6 QXPHULFD � VLPXODWLRQ � � (DU ���87 Q 9 3ODQHW�

������
�: HWWHUV���������w���������

>�@ &HUOLQ # 7�( ��� &UDL # + ��� *HRPRUSKRORJ�;	 Q � LQ�VLW <>= RVPRJHQLF

LVRWRSHV��$QQX 
�� H ��
 (DU ��� 3ODQH ��
�������
 �������w���������

>�@ 5HHG� 5�& ��� $UQRO � -�5 ���?. QWHUDFWL � � �@� 6ROD � DQ � *DODFWL = &RVPLF�

5 	
� 3DUWLFOHV�ZLW A WK $ 0RRQ��- 
 *HRSK\V 
�� HV 
 �������w���������

>�@ /D � ' ��� 3HWHU � % ��� &RVPL = U 	
� SUR �B<C= $ � UDGLRDFWLYLW� � � WK $ED DUWK � LQ�
+DQGEX �F�G9 HU�3K\VLN��;/9,����6SULQJHU��%HUOLQ��SS�����w���������

>�@ 2s%ULH �IHJ��� 6HFXOD � YDULDWLRQ � L � WK $K4 URGXFWL � � �! FRVPRJHQLF

LVRWRSHV�L � WK $LD DUWKsV�DWPRVSKHUH��- 
 *HRSK\V 
M� HV 
 �������w���������

>��@ 2s%ULH � HJ���N� $ O 	 =HUG 	 /HUQH � $ ��� 6KH 	 0�$ ��� 6PD � % '�)��

7K $O4 URGXFWL � � �! FRVPRJHQL = LVRWRSH � L � WK $PD DUKWs � DWPRVSKHUH

DQ � WKHL � LQYHQWRULH � � LQ � 7K ' 6 (B) L ) 7LPH � 6RQH %+% &�3 ��� *LDPSDSD

0�6 ��� 0DWWKHZ � 0�6 ��� HG � ��� SS � ���w��� � 8QLY � $UL]VRQ 	 3UHVV�

7XFVRQ������

>��@ %OLQRQ $ ��� 7K $ � $�4C$ QGHQ = $ R  FRVPRJHQL = LVRWR 4C$84 URGXFWL � � UDWH

� � VROD � DFWLYLW�R	 Q � #!$ RPDJQHWL = ILHO � UDGLDWLRQ � LQ � 6HFXOD 1 6ROD 1 DQG
*HRPDJQH ���S�NT-7 ULDWLR )!U L ) WK ' /DV �WV�XYXZXZX\[ HDUV � 6WHSKHQV � � )�5��

:ROIHQGDO $ $�:���HGV������w�����.OXZH � $FDGHPL =J]̂ < EOLVKHUV������
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>��@ &KDPSLRQ � .�6�: ��� &ROH � $�( ��� .DQWRU � $�- � � 6WDQGDU � DQ
�
UHIHUHQFH

DWPRVSKHUH � � LQ � +DQGERR �	��
 *HRSK\VLF � DQ 
������ 6SDF ����� YLURPHQW�
-XUVD � $�6 ��� HG ��� SS � ��w�w��w�� � $L � )RU ��� *HRSK\ � � /DERU ��� 8�6 � $LU
)RUFH������

>��@ 6KHD � 0�$ ��� 6PDUW � '�) � � :RUO
���

UL
�
R � FDOFXODW � � � RVPL � U � � FXWRII

ULJLGLWLHV�IR � HSRF ! ������3U �#"%$'&)(*�+� ,&5 , 9RO�������w���������

>��@ %ODQG � &�- ��� &LRQ - * � � *HRPDJQHWL �.�0/ WR �1�2� LJLGLWLH � L 3436573 wYHUWLFDO
GLUHFWLRQV��(DU ���98 Q 
 3ODQH �:$<;)"%=>$@? HWWHUV�������w���������

>��@ 3DVVRA & ��� 3KHQRPHQRORJLVFK � 7KHRUL � ]X � %HUHFKQXQ
� � LQHU

.DVND
� � DXV�VFKZHUH 3�B HLOFKH 3 �1XNOHRQHQNDVNDGH C L 3 GH � 0DWHULH�

1 � �D=FE G �����'HXW��(OHFWURQ��6\QFKURWURQ��+DPEXUJ������

>��@ 0DVDUL H - ��� 5HHG\ � 5�& � (IIHFW � R � EXO HI� KHPLFD J FRPSRVLWL 573K5L3
QXFOL

� �9M URGXFWL 573 SURFHVVH � L 3 PHWHRULWH � � *H �N"O�<=>PQ$ &RV PR�N"O�<=:PS$@TR"U�D8
��������w����������

>��@ 5HHG\ � 5�& ��� 0DVDULN � - � � &RVPRJHQLF�QXFOL
� � � ��M W ! SURILOH � L 3 WKH

OXQD � VXUIDFH��/XQDU�3ODQH �D$<;<"V=W$ ��������w����������
>��@ 1LU � $ ��� .UXJHU � 6�7 ��� /LQJHQIHOWHU � 5�( ��� )ODPP � (�- � � 1DWXUD J WULWLXP�

5H X�$ *HRSK\V $ ������w���������
>��@ %RGHPDQQ � 5 ��� /DQJH � +��- ��� /H\D �LYZ��� 0LFKHO � 5 ��� 6FKHLNHO � 7 ��� 5×VHO�

5 ��� +HUSHU � � 8 ��� +RIPDQQ � +�- ��� 'LWWULFK � % ��� 6XWHU � 0 ��� :×OIOL � :��

+ROPTYLVW � % ��� &RQGÊ � + ��� 0DOPERUJ � 3 � � 3URGXFWL 573[5 �\� HVLGXDO
QXFOH - E� SURWRQ�LQ

� /]��� � UHDFWLRQ �̂ 573̀ _ � 1 � 2 � 0J � $ J DQ �ba
L � 1XFO�

,QVWUX PQ$ 0HWKRGV�%�����w��������

>��@ 5DLVE �)��H *�0 ��� <LRX � ) � � 7K � DSSOLFDWL 5L3c5 � QXFOHD � FUR �V�d� HFWLRQ
PHDVXUHPHQW � W 5 VSDOODWL 573 UHDFWLRQ � L 3 FRVPL � UD\ � � LQ � 6SDOODWLRQ
1XFOHD e 5HDFWLR � DQ 
�fg� HL e $SSOLFDWLRQV � 6KHQ � %�6�3 ��� 0HUNHU � 0 ��� HGV��
SS����w�����5HLGHO��'RUGUHFKW������

>��@ 5H\ �V� � -��/ ��� <RNR\DPD � < ��� *XLFKDUG � ) � � 3URGXFWL 5L3 FUR �V�̂ � HFWLRQ � RIhOi
$O � hOh

1D � j % � IUR k DUJ 5L3 DQ
�

R � lnm %H � j % � IUR k QLWURJHQ�

,PSOLFDWLRQ � IR � SURGXFWL 573 UDWH � R� hOi
$ J DQ

� lnm % � L 3 WKH

DWPRVSKHUH��(DU �'�'8 Q 
 3ODQH �D$<;<"V=W$o? HWWHUV��������w���������
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>��@ 1DNDPXUD � 7 ��� 6XJLWD � + ��� � PDPXUD � 0 ��� 8ZDPLQR � < ��� 6KLEDWD � 6��
1DJDL � + ��� 7DNHEDWDNH � 0 ��� .RED\DVKL � . ��� 0HDVXUHPHQ � R� ORQJ�OLYHG	�

%H � 	�� 
�� ���

$ � SURGXFWL ��� FUR ����� HFWLRQ � IR ����� �"!#� 0H$ QHXWURQ � E\
DFFHOHUDWR � PD ���%� SHFWURPHWU\ � LQ � 1XFOHD & ' '#(�'*),+-& 6FLHQF . DQG

7HFKQRORJ\��4XDLP��6�0���HG���SS�����w�����6SULQJHU��%HUOLQ������

>��@ 2s%ULHQ � . ��� 6DQGPHLHU � +�$ ��� +DQVHQ � *�(�� &DPSEHOO � -�( ��� &RVPLF
U
�0/

LQ 132547681 QHXWU ���:9 DFNJURXQ 1 VRXUFH � DQ 1 IOX[H � IR � JHRPHWULHV
R � DL � RYH � ZDWHU � JURXQG � LU ��� DQ 1 DOXPLQLXP � - ; *HRSK\V ;�< HV ; ���
���w���������

>��@ %HHU � - ��� 0HQGH � : ��� 6WHOOPDFKHU � 5 ��� :KLWH � 2�5 ��� � QWHUFRPSDULVRQV
R � SUR[LH � IR � SDV � VROD � YDULDELOLW\ � LQ � &O =?> '#( =?@BA ' ULDWLR C"D DQ EBF + UFLQJ
0HFKDQLVP D +G)H(�IJ. /DV (LK�MNM#MPO HDUV� 1$7 Q $6 R 6HULHV S 9RO TVU �� � -RQHV�
3�' ��� %UDGOH\ � 5�6 ��� -RX]HO � - ��� HG �W��� SS � ���w��� � 6SULQJHUw9HUODJ
%HUOL � +HLGHOEHUJ������

>��@ %HHU � - ��� -RKQVHQ � 6�-�� %RQDQL � * ��� )LQNHO � 5�& ��� /DQJZD\ � &�&��
2HVFKJHU � + ��� 6WDXIIHU � % ��� 6XWHU � 0 ��� :RHOIOL � : ��� 	�
 % 6YX56 DN � D � WLPH
PDUNHU � L � SROD � L 4�6*4 RUH �Z� LQ � 7K . /DV ( 'HJODFLDWLRQ � $EVROXW . DQG

5DGLRFDUER C &KURQRORJLHV� 1$7 Q $6 R 6HULHV S 9RO T8U � � %UDG � ( ��� %URHFNHU�
:�6���HGV���SS�����w�����6SULQJHUw9HUOD [ %HUOL � +HLGHOEHUJ������

>��@ 0RQDJKDQ � 0�& ��� .ULVKQDVZDPL � 6 ��� 7XUHNLDQ � .�. ��� 7K 6 [ OREDO�
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